Protein disulfide isomerase mediates glutathione depletion-induced cytotoxicity.
Glutathione depletion is a distinct cause underlying many forms of pathogenesis associated with oxidative stress and cytotoxicity. Earlier studies showed that glutamate-induced glutathione depletion in immortalized murine HT22 hippocampal neuronal cells leads to accumulation of reactive oxygen species (ROS) and ultimately cell death, but the precise mechanism underlying these processes is not clear. Here we show that during the induction of glutathione depletion, nitric oxide (NO) accumulation precedes ROS accumulation. While neuronal NO synthase (nNOS) in untreated HT22 cells exists mostly as a monomer, glutathione depletion results in increased formation of the dimer nNOS, accompanied by increases in the catalytic activity. We identified that nNOS dimerization is catalyzed by protein disulfide isomerase (PDI). Inhibition of PDI's isomerase activity effectively abrogates glutathione depletion-induced conversion of monomer nNOS into dimer nNOS, accumulation of NO and ROS, and cytotoxicity. Furthermore, we found that PDI is present in untreated cells in an inactive S-nitrosylated form, which becomes activated following glutathione depletion via S-denitrosylation. These results reveal a novel role for PDI in mediating glutathione depletion-induced oxidative cytotoxicity, as well as its role as a valuable therapeutic target for protection against oxidative cytotoxicity.